The propagation of light within a semiconductor Faraday-active Fabry-Perot resonator (F AFR) is investigated theoretically and experimentally. It is shown that an external magnetic field radically changes the angular and spectral characteristics of transmission, reflection and emissivity of the resonator not only for polarized, but also for unpolarized light. Suppression of interference patterns and phase inversion of the interference extrema were observed in both monochromatic and polychromatic light. The investigations were carried out for the planeparallel plates of n-InAs in the spectral range of free charge carrier absorption. The results can be used to create new controllable optical and spectroscopic devices for investigation of Faradayactive material properties and for control of parameters of plane-parallel layers and structures.
1.
Introduction.
An interest in the study of methods of control of infrared (IR) radiation with the purpose of creating new optical devices has grown in recent years. For light in the visible and near-infrared range the effects of Kerr and Pockels [1] are used successfully for these purposes. In the middle and far IR spectral region the application of the Faraday effect in optical resonator structures (Fabry-Perot resonators) is promising. Interference effects in such structures set conditions for their selective properties with respect to wavelength, direction of propagation and polarization of light. These effects result in modification of the spectral and angular characteristics of the intensity of transmitted, reflected, and self-emitted (e.g., thermal emission) light.
By applying an external magnetic field to an optical resonator of a magneto-optical medium it is possible to changes the conditions of propagation of incident light and to dynamically affect its characteristics.
Although much attention has been given to the investigation of transmission and reflection of magneto-optical single-layered [2] [3] [4] [5] [6] and multilayer [6] [7] [8] [9] [10] resonator structures, there are a number of questions, which require more careful investigation. This paper is dedicated to the theoretical and experimental investigation of the influence of the magnetic field to angular, spectral and polarization characteristics of transmission, reflection and emissivity of a singlelayered Faraday-active Fabry-Perot resonator (F AFR).
The interference effects in the magnetic field are investigated theoretically and tested experimentally both for monochromatic polarized and unpolarized light and for polychromatic light. The theoretical approach presented here is more general than previous work. In contrast to previous work [2] [3] [4] [5] [7] [8] [9] [10] , where the recurrent summing up of multiple reflections was used, the presented theory is based on the method of boundary conditions with the application of 4 x 4 matrices. Unlike the theoretical matrix approach in [6] , here the dependence of the dielectric tensor of a magneto-active medium on the applied magnetic field is not limited to linear approximation. This new approach is important for investigating optical parameters of F AFR, based on doped semiconductors.
2.~odelandtheory
Let us consider F AFR as a plane-parallel plate of thickness I (0 s z s I) placed in a vacuum. A constant magnetic tield H is perpendicular to the layer and has components (0,0, H). The optical properties of the layer are described by the frequency-and the magnetic tield dependent with all other off-diagonal components equal 0.
For the electric field E oc exp(ikr -iwt) the wave equation takes the form
Here D = cE is the electrical induction, k is the wave vector, ko = 00/ C .
Since the z axis is the axis of axial symmetry, the wave vector can be selected in the form
where q is the real projection. For brevity, we will use the dimensionless quantities
From the dispersion equation with assigned q and 00 we obtain Thus, an electric field in the plate medium is represented by the sum of four plane waves.
Let us represent the amplitude of the wave incident on surface z = 0 at angle {} as the sum of wave amplitudes with sand p polarizations: E j = Eis + E ip and calculate the coefficients of reflection and transmission for the incident wave for each of the polarizations.
For the wave withspolarization (Eis = (O,-Ei'O)), the wave amplitudes of the electric field in vacuum (zsO) form the components of the 4-vectorE s = (-2s 1 E j , Erx, 2s 1 Ery'O) , where E rx' E ry are the projections of the reflected wave amplitude. A projection of the field along the x axis in the plate takes the form
The E y and E z components of the electric field in the plate can be expressed as Ex by using The dependence of the reflection and transmission on the frequency wand the incidence angle {f determines also the qualitative spectral and angular characteristics of the intensity of selfemitted thermal radiation of a F AFR. According to Kirchhoffs law, the emissivity (A) of a F AFR is described by the equation
A=l-R-T (13)

Theoretical results and discussing.
The theoretical investigations were carried out for the n-InAs plane-parallel plate that was used in our experiments ( For the dielectric tensor £(w,H) of the magneto-active medium we used Drude's model, with the scalar at H = 0 RF permittivity £00 = 11.8. To take into consideration a dispersion of the absorption coefficient, which was determined from the sample absorption spectra at H = 0, the dependence of relaxation time 7: on the wavelength A = 2Jrc/ w was 7: = l.3 X 10- At H = 0 the angular distribution of transmission has a lobe-like character and correspond to a number of resonance maxima (lobes) and minima with the high contrast. When the incidence angle approaches 90°, the transmissions decreases in view of a sharp increase of the reflection from the plate faces (Fig. 3 ). For the p-polarized light the reflection from the faces is close to zero in region of the Brewster angle ({}B "'" 71.5°). Interference in these conditions is absent and transmission is maximum, independent of the position of the resonance lobe.
In the magnetic field the lobes split into two secondary lobes, which diverge and decrease in amplitude as the field is increasing. When X = 0.25 the contrasts of the angular distribution reach a minimum value.
With a further increasing field the secondary lobes begin to merge pairwise with the neighboring one and at X = 0.5 the angular distributions of the transmission take a pronounced lobe-like character again. However, there is an inversion of the resonance extrema: positions of the lobes correspond to the minima at H = O. Note, that at X = 0.5 the transmission of the p-polarized light at tf -tfB is considerably decreased (see Fig. 2b ). This suggests that the transmitted waves interfere in the magnetic field.
It is necessary to note, that the effects of the magnetic field on the transmission of unpolarized light are no less than on polarized light. The changes of T(tf) in the magnetic field (Fig. 2c ) is qualitatively and quantitatively similar to changes of Ts(tf) (shown in Fig. 2a ). The small difference of the contrasts is caused by the difference of the reflection coefficients of the plate faces for unpolarized and for s-polarized light at oblique incidence.
The dependence of the angular distribution of the reflection (Rs (tf), R p (tf), R( tf) ) of a F AFR on the magnetic field is shown in Fig. 3 . The state of polarization of the incident light corresponds to that in Fig. 2 . The angular distributions of reflection at H = 0 have also a contrasting lobe-like character. However, their behavior in the magnetic field differs from that discussed above for transmission distributions. In this case the interference minima split.
Maxima lobes appear in their place, with intensity increasing with increasing magnetic field.
When X = 0.25, the amplitudes of the original lobes (at H = 0) are almost equal to the amplitude of the appearing ones and the angular distributions of the reflections, Rs (()), R p (tJ) and R(tJ) , become practically homogeneous.
At X = 0.5 the angular distributions have a lobe-like character again, but with the inversion of the resonance extrema.
Rp(tJ) also has a peculiarity in the region of the Brewster angle, tfe "' " 71.5
0 (Fig. 3b) . While there was no reflection at H = 0, at H = 42 kG, X = 0.5 the interference lobe is clearly observed. This fact confirms the above conclusion (Fig. 2b) that the magnetic field results in the appearance of interference effects for p-polarized light whose reflection coefficient is equal to zero.
As in the case of transmission, in the presence of a magnetic field introduces changes in the reflection of unpolarized light (Fig. 3c) as well as in reflection of polarized light (Fig. 3a) . The In the magnetic field H = 21 kG (Fig. 4b ) the angular dispersion of the resonator disappears.
The transmitted light does not have the selected wavelengths (painted by grey) and the F AFR transmission is close to the transmission of a non-resonator.
\Vhen H = 42 kG (Fig. 4c) In a magnetic field where X = 0.25, the angular dependence supports a greater number of relatively weak minor lobes, making the emission more uniform, making it more like emission from a nonresonant structure (Fig. 5b) .
In the field H = 42 kG (Fig. 5c ) angular dependence agam takes on a clear multi-lobed structure, but with no axially directed maximum emission. The central lobe is missing and the axial emission is minimum. Only flared minor lobes are present. Therefore, the magnetic field determines the angular distribution of thennal emission and this property of F AFR can be used to generate controlled sources of infrared emission.
It is necessary to emphasize, that the Faraday effect does not appear in natural light, it is present only in polarized light. Effective influence of the magnetic field on the characteristics of the reflection and transmission of unpolarized light is the distinguishing characteristic of the F AFR.
This otTers possibilities to develop new optical procedures and devices using this property of the Faraday-active Fabry-Perot resonator.
Experimental results.
The spectral dependence of transmission and reflection of a F AFR in a magnetic field were measured experimentally. The experimental setup is shown in Fig. 1 . For the measurements a plane-parallel semiconductor plate of n-InAs with electron concentration Ne = 1.4 '10 18 cm-parallelism was no greater than a few seconds of arc.
The plate was placed between the magnet poles so that the magnetic field was directed normal to the broad faces of the sample. The spectra were recorded by a FTIR with a spectral resolution of 2 cml in the spectral range of free carriers absorption. The incident light was unpolarized. When H = 24 kG, in the spectral range 6 < A < 7.5 !lm the decrease of the interference pattern contrast caused by the splitting of the maxima into two secondary peaks is clearly visible.
In the A -7. It is important to note, that the parameter X used for the analysis includes the concentration and the effective mass ofthe electrons, coo, thickness and other parameters of the n-InAs plate. Thus, registration and analysis of the reflection and transmission in the magnetic field can be an effective method of investigating and monitoring of plane-parallel layers and structures. In this case, unlike the known magneto-optical phenomena, unpolarized light can be used, which simplifies the method. In addition, the analysis of the interference pattern is more convenient and simpler than the analysis of the polarization peculiarities of the transmitted (reflected) light.
The effects of a magnetic field on thermal emission spectra of F AFR was experimentally investigated and discussed by the authors in previous publications [13, 14] . Therefore, we do not discuss these results in detail here. We do note that calculations of spectral and angular dependence and character of the thennal emission using Eq. 13 agree well with experimental and theoretical results in our earlier investigations
Conclusions.
In summary, theoretical and experimental investigations of reflection and transmission of a Faraday-active Fabry-Perot resonator in the magnetic field were carried out. The presented theory makes it possible to calculate the parameters of a resonator for an arbitrary incidence angle of light. Since the theory is not magnetic field restricted to a linear approximation, it can be used for semiconductor layers and structures in the range of free current carriers absorption. 
